Introduction
Cardiovascular disease (CVD) is the leading cause of mortality, worldwide. At present, CVD accounts for up to 40% of all deaths in both urban and rural populations in China. Most CVD occurs in patients over 60 years, and the prevalence of CVD in patients over 80 years is 85%. The proportion of patients over 60 yearsis expected to double from 11% to 22% by 2050, with older adults (>60 years old) outnumbering the young (<5 years old) in many countries within a few years. 1, 2 Aging biology fundamentally overlaps with CV pathophysiology, and the expanding senior adult population is inherently predisposed to CVD. 3 The proper management of CVD-related risk factors, such as dyslipidemia, hypertension, diabetes and obesity, can remarkably reduce the risk of CVD in older Chinese patients. Among these risk factors, the prevalence of dyslipidemia (64.2%) is higher than hypertension, diabetes and obesity, with a prevalence of 50%, 19.5% and 30.1%, respectively, for patients within 65-74 years. 4, 5 A latest national survey based on a larger sample size also confirmed the high prevalence of abnormal serum lipid levels in Chinese adults. 6 Dyslipidemia, including high levels of total cholesterol, low-density lipoprotein cholesterol (LDL-C) and triglyceride (TG), and low levels of high-density lipoprotein cholesterol (HDL-C), are major risk factors of atherosclerosis that leads to various CVDs. The elevation of plasma cholesterol, especially LDL-C, and non-HDL-C, are the main risk factors for atherosclerotic cardiovascular disease (ASCVD). With the aging population trend in China, the picture of public health posed by dyslipidemia would worsen. 7, 8 There is a lack of effective primary prevention of CVD for older adults, and few evidences were available to indicate the CVD event reduction benefit in primary prevention. Fortunately, CVD risk assessment tools can be used to assess the 10-year CVD risk, which plays an important role in CVD prevention and control. The use of Framingham risk scoring (FRS) 9 was recommended by the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) and the Chinese model 10 was recommended by the Chinese Guidelines for Prevention of Cardiovascular Disease to help health professionals predict the combined ischemic CVD and ischemic stroke risk, which was calculated using simplified scoring tables. In 2013, the American College of Cardiology/American Heart Association (ACC/AHA) pooled cohort equations (PCEs) 11 to determine the 10-year ASCVD risk. Some differences in these risk assessment tools were observed. Lately, research 12, 13 revealed that the 10-year ASCVD risk predicted by PCEs was higher than the ischemic CVD risk predicted using the Chinese model. Hence, PCEs are appropriate for use in primary care in an untreated population. As early as 2,000 years ago, the Maritime Silk Road started from Quanzhou, China's southeast coastal region. The city of Quanzhou has experienced rapid economic growth over the last few decades under the policy of reviving the ancient Maritime Silk Road from the Chinese Government. According to the bulletin on the elderly population of Quanzhou municipality, approximately 13.3% of the population in Quanzhou will be 60 years old in 2016, older populations are projected to constitute 25% of the total older population by 2040 and those over 80 years old will account for 14.6% of the total elderly population. Despite the rapid aging of the population in Quanzhou, epidemiological studies on dyslipidemia and the epidemic of CVD in the context of aging projected a significant increase in the incidence and prevalence of CVD, which is scarce. With the aim of investigating the prediction of CVD risk, in order to improve the prevention and control of CVD in the years to come and bring more benefits to the increasing population age in Quanzhou, the prevalence of dyslipidemia was determined, and the CVD risk stratification among older adults was identified.
Methods
This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of the First Hospital of Quanzhou Affiliated to Fujian Medical University. Written informed consent was obtained from the participants.
Data source and study population
A cross-sectional survey of 2018 adults was conducted in elderly residents who were 60-98 years old in three districts of Quanzhou from September 2016 to March 2018, in order to collect the general health status of the elderly using multistage stratified cluster random sampling. People who have lived at their present address for six months or longer within the previous 12 months were eligible to participate in the survey. All subjects were administered questionnaires regarding socio-demographic characteristics, including gender, age, education level and lifestyle factors, such as smoking status, alcohol drinking habit and physical activity. Fasting venous blood samples were collected to assess the lipid profile. Weight, height, waist circumference and blood pressure were measured. Subjects who received lipid-regulating drugs were excluded.
Data collection
Height and weight were measured twice using a heightweight scale that has been previously calibrated. The subjects stood with their bare feet and wore light clothing, and the average values were calculated. The body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. Waist circumference (WC) was measured twice on standing participants at the midpoint between the lower edge of the costal arch and upper edge of the iliacus, and the mean values were calculated. Blood pressure was measured using a mercury sphygmomanometer on the right arm of each participant in a comfortable sitting position after a 30-min rest period. Three consecutive blood pressure measurements were performed, and the mean value of these three measurements was applied in the subsequent analysis. Venous blood samples were collected from all participants in the morning after at least 12 hrs of fasting and immediately centrifuged. Then, the specimens were frozen and stored at −70°C within 2 hrs of collection. Subsequently, fasting blood glucose (FBG), uric acid (UA) and serum lipid profiles, including total cholesterol (TC), LDL-C, HDL-C and TG, were assayed using an automated spectrophotometer, and through the enzymatic colorimetric method using an AU 5800 analyzer (Beckman Coulter, CA, USA).
The age groups were classified according to the Quanzhou census: 60-66 years old, 66-70 years old, 71-75 years old, 76-80 years old and >80 years old. Educational level was categorized into four groups, according to the number of years of education (1-6, 7-9, 10-12 and ≥12 years). Smoking was classified in terms of current smokers or nonsmokers (including exsmokers). Habitual alcohol consumption was defined as drinking twice per month over the past 12 months, regardless of the quantity of alcohol consumed. Physical activity was defined as moderate-to-vigorous intensity physical activity for not less than once a week. BMI was categorized as underweight (<18. Hypertension was defined as a mean systolic blood pressure of ≥140 mmHg, and/or diastolic blood pressure of ≥90 mmHg, and/or self-reported antihypertension treatment in the last two weeks. Diabetes was defined as FBG ≥7.0 mmol/L and/or self-reported treatment of diabetes with antidiabetes medication in the previous two weeks. Hyperuricemia was defined as serum UA ≥420 umol/L (male) and ≥360 umol/L (female). The 10-year fatal or nonfatal CVD risk was calculated using simplified scoring tables, which were developed by Wu et al, 10 and revised and recommended by the Chinese Guidelines for Prevention of Cardiovascular Disease. 16 These tables included the age, gender, SBP, TC level, diabetes mellitus history and present smoking status of subjects. CVD events were defined as CAD events and ischemic stroke. The 10% and 20% risk thresholds were used to categorize these CVD risks into three groups: low risk (<10%), moderate risk (10%-20%) and high risk (>20%).
Statistical analysis
The statistical analysis of the data was performed using Statistical Package for Social Sciences version 21.0 software (SPSS, Chicago, IL, USA). Continuous variables were expressed as mean ± standard deviation (x ± SD). Categorical variables were expressed in percentage. For multiple comparisons, each value was compared by oneway ANOVA, followed by Dunnett's test when each datum conformed to normal distribution, while non-normally distributed continuous data were compared using nonparametric tests. P<0.05 was considered statistically significant.
Results

Socio-demographics and other characteristics of participants
The characteristics of the study participants are presented in Table 1 . Among the 2,018 participants, 48.9% were male and 51.1% were female. The mean age of these participants was 69.23 years(SD: 16.46 years) for men and 70.11 years (SD: 15.97) for women. The mean levels of TC, LDL-C, HDL-C and TG were 5.12±1.18, 3.37±0.81, 1.03±0.27 and 1.65±0.76 mmol/L, respectively. There were significant differences among the different gender groups, in terms of smoking status, drinking habit, educational level, physical activity, SBP, DBP, BMI, WC, UA and LDL-C level. Compared to women, more men were currently smoking, drinking and active, and obese, and had higher educational level, blood pressure, hyperuricemia and LDL-C levels.
Prevalence of dyslipidemia and the age and gender differences of TC, LDL-C, HDL-C and TG levels
The overall prevalence of dyslipidemia among older adults in Quanzhou was 56.8% (Table 2) , and the prevalence of high TC, high LDL-C, low HDL-C and high TG were 8.4%, 13.9%, 23.1% and 11.4%, respectively. There were no significant differences in the prevalence of different TC levels between gender groups. Compared to women, more men had a higher prevalence at different TG and LDL-C levels and a lower prevalence at different HDL-C levels. As shown in Table 3 , the peak mean levels for TC, LDL-C and TG occurred at 66-70 years, while the peak mean levels for the bottom HDL-C levels occurred at 60-65 years. Until reaching their 80s, the peak HDL-C levels and the bottom TC, LDL-C and TG levels were reached. In addition, it was found that TC, LDL-C and TG levels increased with BMI, but HDL-C levels decreased. Patients in the obese group had higher levels of TG and LDL-C, and lower levels HDL-C, when compared to their counterparts.
The prevalence of different LDL levels by age and factors associated with LDL According to the risk stratification of Chinese guidelines, 12 the prevalence of older adults in Quanzhou was 11.9% in ideal LDL-C levels, 36.6% in appropriate levels, 36.5% in border high levels and 14.9% in high levels. For those who were within 60-70 and 76-80 years, the prevalence was higher at 3.4≤LDL<4.1 mmol/L, while for those who were within 71-75 years and >80 years, the prevalence was higher at 2.6≤LDL<3.4 mmol/L. Furthermore, these LDL-C levels were significantly negatively correlated to age, but positively correlated to education level and BMI. Compared to other LDL levels, those with an LDL of ≥4.1 mmol/L were smokers and had hypertension, diabetes and hyperuricemia (Table 4) . Multivariable logistic regression was used to determine the associations among gender, age, BMI, abdominal obesity, physical activity, habitual drinking, current smoking and education level, and hypertension, diabetes and hyperuricemia with the odds of LDL-C. The results revealed that age, BMI and abdominal obesity were significantly associated with increased risk of LDL-C for both men and women (Table 5) .
Prediction of 10-year CVD risk
As shown in Table 6 , 49.7% of older adults had low risk for CVD, 36.8% of older adults had moderate risk and 13.5% of older adults had high risk. Among the same risk groups, nearly 60% of older adults who were 66-70 yearsand 70% of older adults with 2.6≤LDL<3.4 mmol/L levels had low risk, 50% of older adults who were 76-80 years old and 50% of older adults with 3.4≤LDL<4.1 mmol/L levels had moderate risk, and almost 25% of older adults who were ≥80 and >40% of older adults with 3.4≤LDL<4.1 mmol/L levels had high risk. CVD risk was significantly and positively correlated to age and LDL-C levels. LDL-C and TG levels reached a peak in high risk group. In addition, higher LDL-C was associated with increased risk of 10-year risk for CVD (Table 4) .
Discussion
The prevalence and importance of dyslipidemia have been identified in young and middle-aged adults. 17 However, these are less clear in the elderly. In the present study, the prevalence of dyslipidemia in a population of >60 years, who are free of CVD at baseline, was 56.8%, which has decreased, while the prevalence of high TC, high LDL-C, low HDL-C and high TG were 8.4%, 13.9%, 23.1% and 11.4%, respectively, which were lower, when compared to the Chinese study (12% had high TC, 18% had high LDL-C, 12% had low HDL-C and 15% had high TG), which included a population of younger subjects (18-79 years old). 6 Notably, the prevalence of dyslipidemia in elderly people in Quanzhou presently decreased, and the result is the same as the result reported by a study, 18 showing that dyslipidemia is more prevalent among nonelderly subjects, when Table 3 Age differences of TC, LDL-C, HDL-C, and TG levels in Quanzhou older adults compared to elderly subjects. Five prescriptions were important for blood lipid control: drugs, exercise, nutrition, psychological sleep and alcohol cessation, such as a diversified diet, drinking more water, eating more fresh vegetables and fruits, and moderate consumption of soy products. Soy is rich in lecithin, which is beneficial for the utilization of lipids through the blood vessel wall, reducing the cholesterol in the blood. Food with high fat and cholesterol should be strictly limited, and the amount of staple food should be appropriately controlled. Alcohol should be restricted or abstained, aerobic exercise should be strengthened, and when diabetes is present, blood sugar should be controlled and blood sugar fluctuation should be avoided. As the origin of the ancient Maritime Silk Road, Quanzhou owns its unique environmental and socioeconomic factors, such as habits in diet, where people prefer to eat more seafood, fresh fruits and vegetables, drink more tea and have a lifestyle that is not highly stressful. These people live a relatively easy life rather than that in metropolitan areas, such as Beijing and Shanghai. These main factors may be the explanation for the decrease in the prevalence of dyslipidemia. A large national representative survey 6 in 2013-2014 in Chinese adults revealed that the mean levels of TC, HDL-C, LDL-C and TG were 4.70, 1.35, 2.88 and 1.14 mmol/L, respectively. According to the present study on older adults in Quanzhou, the mean levels of TC, HDL-C, LDL-C and TG were 5.12, 1.03, 3.37 and 1.65 mmol/L, respectively. Elderly people have different lipid levels, and for the young and middle-aged people, they have higher TC, LDL-C and TG levels, and lower HDL-C levels. 19 Furthermore, compared with the other age groups, those who were within 66-70 yearshad higher levels of TC, LDL-C and TG levels, while those who were ≥80 years had lower levels for TC, LDL-C and TG levels. The precise mechanisms of the effect of age on serum lipid concentrations are not exactly known, and these may be correlated to reduced sex hormones, hereditary characteristics and degenerative processes. 20 The Chinese guidelines for dyslipidemia prevention have established target levels of LDL-C for different risk groups. The decrease in LDL-C has been shown to significantly improve cardiovascular health. 12 For LDL cholesterol levels, every 38 mg/dL of LDL reduction is associated with a 20% reduction in CVD events. 21 However, few data has shown benefits in older adults. Therefore, the prevalence of different LDL levels was further explored according to the risk stratification of older adults in Quanzhou by age, and the associated factors on LDL were analyzed. The results revealed that nearly 50% of older adults had ideal and appropriate LDL-C levels, while approximately half of older adults were in borderline high and high levels. Age, BMI and abdominal obesity were significantly associated with LDL-C for both men and women. Age weakened the LDL-C level, while BMI and abdominal obesity elevated the LDL-C level. In general, the BMIs of older adults were encouraged to be <25 kg/m 2 , because the reduction in BMI can alleviate dyslipidemia. 22 When people become older, their physical function gradually degenerates. Hence, the harmful effects of obesity among the elderly may have been underestimated due to Chinese ethnicity. 23, 24 These studies show that only a small proportion were obese (3.62% with BMI≥30 kg/m 2 and 0.39% with BMI≥35 kg/m 2 ), but little is known about abdominal obesity. Hence, older but healthier individuals with high BMI might already have an elevated LDL-C level.
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It has been estimated 12 that the average 10-year ASCVD risk among adults within 40-79 yearsand without selfreported stroke or MI was 12.6%, while approximately half of Chinese adults within 40-79 years had moderate or high ASCVD risk. In the present study, 13.5% of older adults had high risk, while 50% of adults who were ≥60 yearsand nearly 60% of those who were ≥76 years had moderate or high ASCVD risk, which was almost the same as those in other findings. 25 For older adults with higher LDL-C levels, the risk for ASCVD was higher than those with lower LDL-C levels. Those in the high-risk group reached the highest LDL-C level. However, the high prevalence in the high-risk group was not at the high level for LDL ≥4.1 mmol/L, but at the borderline high level with 3.4<LDL<4.1 mmol/L, indicating that not only LDL-C level but also other risk factors, especially age, may increase the risk of ASCVD in older adults. Those who were >80 yearshad a higher prevalence in highrisk group. When dyslipidemia and other CVD risk factors, especially age and weight, among older adults coexisted, the cumulative effects of various risk factors aggravated. This may potentiate each other, resulting in greater total cardiovascular risk, when compared to its individual components. The present study has several limitations. First, the sample size was small and the geographical distribution was narrow. Second, the cross-sectional study design could not establish the direction of some associations, and the data during risk assessment was considered as a limitation, resulting in the underestimation of the proportion of older populations with 10-year ASCVD risk. Third, the study did not have adequate power to detect the differences among other risk assessment tools, such as ACC/AHA PCEs and FRS, which may be more persuasive in evaluating the prediction of 10-year CVD risk in the elderly population. Fourth, the disease screening correlated to hypertension and diabetes may also be limited, because these were mostly based on self-reports. Future studies are needed to confirm the prevalence and control status of dyslipidemia, and the needs of this growing population and age-related mechanisms. In addition, the issues of risk stratification on the elderly population should be highlighted, in order to alleviate the burden of CVD and its costs for both individuals and society. Fifth, the information about GFR, C-reactive protein, or evidence on the prevalence of subclinical arteriosclerotic lesion remains unknown and needs further research.
Conclusion
In summary, the prevalence of dyslipidemia among Quanzhou elderly adults was 56.8%, the prevalence of high TC, high LDL-C, low HDL-C and high TG was relatively low, but the lipid levels were high. Approximately half of elderly adults had moderate or high CVD risk, when compared to their counterparts. Age, BMI and abdominal obesity were significantly associated with increased risk of LDL-C levels, and these were also positively correlated to CVD risk. Considering that the risk factors and CVD profile have changed among older populations, the personalized primary prevention and control of CVD are recommended, in order to identify highrisk individuals. This would not only be beneficial for health workers, but also for elderly people and the society.
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